Abstract. Nasopharyngeal angiofibroma (NA) primarily affects adolescent males. The incidence of NA in the elderly, however, is extremely low. The present study describes a 72-year-old male with NA that presented with typical symptoms and radiological findings. The location and extension of the tumor was too lateral and inferior to be effectively resected by an endoscopic approach. Therefore, a combination of endoscopic and open approaches was considered. The tumor was completely resected using an image-guided endoscopic-assisted sublabial and buccolabial incision approach. The post-operative histopathological and immunohistochemical analysis confirmed the diagnosis of NA. The present study demonstrated the occurrence of NA in the elderly, and highlighted the potential of an image-guided endoscopic-assisted sublabial and buccolabial incision approach for the treatment of NA in the elderly.
Introduction
Nasopharyngeal angiofibroma (NA) is a rare, non-encapsulated and highly-vascularized benign tumor that primarily affects adolescent males (1, 2) . Extremely few studies have described NA in elderly individuals; in our previous report of 162 cases from 1995 to 2012, all patients were male subjects ranging in age from 8-41 years (mean, 17.5 years) (3) . Although NA is a benign neoplasm histopathologically, it has a propensity for locally destructive growth with bone erosion, which can lead to life threatening complications, such as fatal epistaxis, and other complications, including facial swelling, proptosis, cranial neuropathy, and intraoperative massive hemorrhage (1, 4) . In the majority of cases, patients present with symptoms of a painless, unilateral nasal obstruction and epistaxis (4) . Currently, surgery is the standard treatment for NA (5) .
The present study reports the case of a 72-year-old male with NA that underwent a successful resection via an endoscopic-assisted sublabial and buccolabial incision approach (6) . This case confirms the occurrence of NA in the elderly, and also highlights the potential of an endoscopic-assisted sublabial and buccolabial incision approach for the treatment of NA in elderly patients.
Case report
A 72-year-old male presented with continuous headaches, right nasal epistaxis, right nasal obstruction and a decreased sense of smell for three months. The patient was admitted to the First Affiliated Hospital of Medical School of Zhejiang University (Hangzhou, China) on March 29, 2013, three months after the initial onset of these symptoms. The contrast-enhanced computed tomography (CT) and magnetic resonance imaging (MRI) revealed a highly vascular nasopharyngeal mass, and the sphenomaxillary fossa was enlarged ( Fig. 1A and B) . Surgical resection was performed using a lateral rhinotomy approach. However, due to massive hemorrhage, the tumor was not completely removed. Histopathological examination of the excised lesion revealed the presence of angiofibroma. Five months after surgery, the patient presented with recurrent right spontaneous epistaxis and right nasal obstruction and was subsequently referred to the Fudan University Affiliated Eye, Ear, Nose and Throat Hospital (Shanghai, China) to receive additional treatment.
A physical examination at our hospital revealed a red mass in the right nasal cavity. Contrast-enhanced CT confirmed the presence of a large soft-tissue nasal and nasopharyngeal mass that extended into the right maxillary antrum and up towards the orbital floor, with destruction of the medial and lateral walls of the antrum, into the sphenoid sinus on the right side and continued dorsally to the right parapharyngeal space and infratemporal fossa (Fig. 1C ).
An endoscopic-assisted sublabial and buccolabial incision approach was used to remove the tumor following pre-operative embolization. Using clamp forceps, the nasal component of the tumor was pushed down into the nasopharynx and drawn out through the oral cavity. In order to remove the infratemporal fossa extension of the NA, a sublabial and buccolabial incision, which extended from the first molar teeth to the maxillary tuberosity at the gingivobuccal sulcus, was made on the involved side. Due to the complex anatomy and high vascularity of the region, a blood loss of ~2,800 ml occurred during the surgery. The patient therefore received a blood transfusion of 400 ml fresh frozen plasma and 4 units of packed red blood cells. The extensive hemorrhage also led to a poor surgical field. In order to prevent accidental injury, the surgery was terminated without further investigation. A contrast-enhanced CT scan was performed the next day to determine whether the tumor had been completely removed. The results revealed the presence of residual tumor in the right parapharyngeal space and infratemporal fossa. A day later, a repeat endoscopic-assisted sublabial and buccolabial incision approach was performed to remove the residual tumor. An image-guided navigation system (Medtronic, Louisville, KY, USA) was used for the localization of the residual tumor in the right parapharyngeal space and infratemporal fossa (Fig. 2) . A contrast-enhanced CT scan performed 2 weeks subsequent to the procedure confirmed the complete removal of the tumor (Fig. 1D ). The patient was followed up for 6 months, without exhibiting evidence of recurrence.
A hematoxylin and eosin-stained section revealed that the tumor was composed of a characteristic fibrous stroma in which the vascular channels were lined by flat endothelial cells (Fig. 3A) . A Van-Gieson-stained section established that the tumor was mainly composed of collagen fibers, while elastic fibers were scarcely discernible (Fig. 3B) . Immunohistochemically, the tumor was positive for the expression of cluster of differentiation (CD)31 (Fig. 3C) , CD34 (Fig. 3D), CD68 (Fig. 3E), HHF35 (Fig. 3F) , smooth muscle actin (Fig. 3G), and vimentin (Fig. 3H) . The percentage of Ki-67-positive cells was 4% (Fig. 3I ). According to these findings, a diagnosis of angiofibroma was established.
This study was approved by the Ethics Committee of Fudan University Affiliated Eye, Ear, Nose and Throat Hospital, and written informed consent was obtained from the patient and the patient's family. 
A B C D Discussion
In general, NA primarily affects adolescent males, and is therefore considered to be a juvenile disease. However, NA has been observed in at least three patients over the age of 70 (Table I) , consisting of a 79-year-old male (7), a 71-year-old female (8) and a 70-year-old male (9). These patients were treated by traditional open surgical approaches and the The present study reported a rare case of NA in a 72-year-old male, which was confirmed by histopathological and immunohistochemical analysis. With the exception of age, the patient demonstrated typical presentation, clinical examination and radiological findings (Fig. 1) . Histologically and immunohistochemically, the tumor was composed of proliferating vasculature in a fibrous stroma. The presence of red-colored regions following Van-Gieson staining and a strong positivity to vimentin indicated that the majority of the stromal cells were fibrocytes (11) . Positive immunohistochemical staining for the endothelial markers CD31 and CD34 supported true endothelial differentiation (Fig. 3) (12) . This typical presentation was of significant value for the diagnosis of NA.
The etiology and pathogenesis of NA remains unclear. It has been reported that no abnormalities in the serum levels of dihydrotestosterone, testosterone and estradiol-17 B are detected in NA patients (13) . To a certain extent, the occurrence of NA in the elderly may support the hypothesis that serum androgen levels do not affect the development of NA, since low serum androgen levels are present in older men (14, 15) .
Large NAs continue to present a considerable surgical challenge (1, 6) . The optimal treatment for these tumors is gross total resection. However, open approaches require external and internal incisions, which results in extensive soft-tissue dissection and multiple osteotomies (3). Improvements in pre-operative assessment and preparation, in addition to operative techniques and instrumentation, may enable the endoscopic removal of the majority of juvenile NAs (16) . If the location or extension of the tumor is too lateral or inferior to be effectively resected by an endoscopic approach, a combination of endoscopic and open approaches may be considered (17, 18) . It has previously been reported that an endoscopic-assisted sublabial and buccolabial incision is an optional approach for the removal of an NA with extensive infratemporal fossa extension in youths (6) . The present case confirmed that this modified surgery is well tolerated by the elderly. Due to a firm connection with surrounding structures, the tumor may break during surgery, leaving remnants in the surgical cavity, which poses a challenge for effective treatment. As a result of tumor extension and massive intraoperative hemorrhage, complete resection of the tumor was unsuccessful following the first endoscopic-assisted sublabial and buccolabial incision approach in the current case. Therefore, a revision surgery was considered. Image-guided navigation systems are useful for the localization of deep located tumors (19) . In the present study, radiographical analysis revealed that the tumor had been completely resected following image-guided surgery. This counter example illustrated the value of the image-guided navigation system.
The present study confirmed the occurrence of NA in the elderly and highlighted the potential of an image-guided endoscopic-assisted sublabial and buccolabial incision approach for the treatment of NA in the elderly. In addition, the present study established that image-guided navigation systems are useful for the localization of deep NA lesions.
